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ABSTRACT 


Three toxicity experiments were conducted using single intra- 
peritoneal injections of methylmercuric chloride (MMC). The tissue 
content of methylmercury was measured by a total mercury analysis 
(vg Hg/g of tissue). The 15 day LD50 of MMC administered to rainbow 
trout by intraperitoneal injection was 7.1 + 0.4 mg MMC/kg of body 
weight. Approximately 90 percent of the dose administered was 
retained for 15 days. Two experiments were conducted to examine the 
concentration of Hg in the brain, epaxial muscle, and whole eye; 30 
days subsequent to a sublethal injection of methylmercuric chloride. 
The tissues differed in the magnitude of Hg uptake: brain > muscle > 
eye. The muscle concentration of Hg was similar to whole body 
concentrations of Hg (p > 0.05). 

The psychophysical photopic spectral sensitivity was estimated 
for 15 rainbow trout using a two-choice operant conditioning technique 
(Phase I). Ten test wavelengths were utilized and ranged from 425 to 
650 nm. The mean and normalized mean sensitivity curves appeared to 
have three components: one which ranged from 425 to 500 nm, a second 
LEOMeo25etoro/ oF nmesand a) chind trom: O00) to: G50 nm. “The peak sensi- 
tivities of these presumed receptive types are 475, 550, and 625 nn, 
respectively. Response latency did not vary with wavelength to any 
Significant extent. 

The subjects which were used in Phase I were then divided into 
four groups: control (saline) (n=4), the 0.3 toxic unit group (n=2), 


the 0.6 toxic unit group (n=4), and the 0.8 toxic unit group (n=5). 
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These individuals were given weight-specific injections of a particular 
dose of MMC or saline and remained inactive for a period of 15 days 
during which methylmercury accumulated in body tissues. A retest 

phase (Phase III) indicated that methylmercury did impair photopic 
Spectmal sensitivity of the test fish) notably at 475, 500, 525 and 

600 nm. Due to the nature of this impairment it appears that methyl- 
mercury is exerting influence on the neural processes central to the 


photoreceptors. 
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Chapter I 
GENERAL INTRODUCTION 


Inorganic mercury in the aquatic environment, whether natural or 
introduced by man, tends to settle to the benthic sediments because it 
has a high molecular weight and low solubility. In the sediments, 
bacterial methylation of the inorganic mercury occurs (Wood et al., 
1968). This methylated form of organic mercury enters the food chain 
(see Fig. 1) where it is Biolosieally mMagnitied, that 1S; a quantity 
of mercury is distributed among proportionally fewer animals as it 
proceeds through the food chain (Jernelov, 1969). 

Methylmercury can easily cross biological membranes because it 
has a single valence, a relatively small size, a high solubility in 
lipid, and ample availability of sulfhydryl containing transport 
proteins in the blood (Hughes, 1957). Since mercury has a particularly 
high affinity for sulfhydryls, these transport proteins and various 
enzymes may become inactive in the presence of mercury. Approximately 
Somto, os oaperecnt of the totalemercury in contaminated fish 1s in the 
form of methlymercury (Noren et al., 1967; Westdd, 1968). Fish can 
accumulate methylmercury through transcutaneous absorption, across 
respiratory surfaces and internally across digestive tissues (Hannerez, 
1969). Since there is virtually no free methylmercury in solution of 
most water bodies, the consumption of methylmercury laden prey items 
is most likely the source of methylmercury accumulation. 

Neuropathological dumage appears to be the mode of toxicity of 


methylmercury, (Berlin ef al..519745; jEvans et al’., 1977). This may be 
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Figure 1. Distribution of mercury through the environment to its 


incorporation into the food chain. (After Munson, 1978). 
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a function of the high content of sulfhydryl groups in the nervous 
system and the irreversibility of mercury sulfhydryl complexes 
(Manalis and Cooper, 1975). Recent reports have demonstrated a dis- 
parity in the distribution of methylmercury; the occipital cortex 
lateral geniculate nucleus and corpus striatum possessed the highest 
concentration along with resultant lesioning in monkeys (Evans et al., 
1977). This rationalizes the prevalence of ataxia and visual 
aberrations as symptoms of methylmercury poisoning (Suzuki et al., 
LOZ 

Previous researchers have used rudimentary psychophysical visual 
measurements to assess the effect of methylmercury on vision. However, 
their results have not indicated what processes of vision were 
affected. Berlin et al. (1973) state that methylmercury tended to 
affect form discrimination (in primates) more than color discrimination 
but since they used high doses (20-50 mg Hg/kg body weight) and their 
measurements were simplistic, the results are not convincing. Lyle 
(1976) states that most neuropathological conditions in humans affect 
the normal process of color vision and that color opponent pairs of 
receptor types are usually affected. Thus, one might expect some 
detriment to the chromatic visual system as a consequence of methyl- 
mercury exposure. 

Color vision, requires the presence of more than one type of 
photoreceptive mechanism with different peak sensitivities (Daw, 
1973). Photopic spectral sensitivity has been demonstrated by behavioral 
experinentation an golatieny(yacer, 1968;: McCleary “et -al a, 1969), 
sunfish (Hurst, 1953), carp (Oyama and Jitsumori, 1973) and rudd 


(Muntz and Northmore, 1970). 
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Color vision can augment visual acuity in certain environmental 
Situations (Munz and MacFarland, 1975). Tropical fishes have visual 
pigments which are adapted to the spectral composition of underwater 
illumination so that there is a maximum absorption of the light 
available (Munz and MacFarland, 1975). Therefore a multiple receptive 
system promotes a greater sensitivity of contrasts to detect the move- 
ment or presence of objects against the background of light in an 
aquatic environment (Lythgoe, 1974). Since color vision probably plays 
duvivalerolesinvilite “sustaining processes such as mate recognition, 
spacing in schools, territoriality and selective predation, impairment 
of the photopic visual system could be detrimental to an organism. 

My research objectives were to determine the toxicity and tissue 
uptake of methylmercuric chloride injected intraperitoneally in rainbow 
trout (Salmo gatrdnert Richardson); to estimate the psychophysical 
photopic spectral sensitivity; and to examine the effects of sublethal 
doses of methylmercuric chloride on the photopic spectral sensitivity 
of rainbow trout. 

Rainbow trout were utilized because they are classified as the 
Stamlardetest sspeciessin toxicological research. « since -COloy, vision 
of rainbow trout was virtually unexplored, I had to characterize the 
photopic visual system in order to examine the effects of methylmercury 


on its normal operation. 
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Chapter II 


PSYCHOPHYSICAL PHOTOPIC SPECTRAL SENSITIVITY IN 


RAINBOW TROUT (SAZMO GAIRDNERT) 


Introduction 


Spectral sensitivity may be considered as a possible method of 
diagnosing the effects of environmental contamination since it provides 
a direct reflection of the state of the central nervous system (Lyle, 
I9/o)e, As well, the photopic spectral sensitivity plays a vital role 
in the behavior of an organism such as the perception of visual stimuli 
occurring in life-sustaining activities (McFarland and Munz, 1975). 
Rainbow trout was a good candidate for examination because of its 
important role in aquatic toxicological research and also to provide 
information about its color vision. 

?sychophysical determinations of photopic spectral sensitivity 
havesbeenumade win goldfish (Yager, 1967, 1969: Thorpe. 1971: Beauchamp 
and Rowe, 1977) and the rudd (Muntz and Northmore, 1970, 1971; 
Northmore and Muntz, 1974), indicating that these fish possess 
trichromatic color vision. Ali (1974) suggests that brook trout 
(Salveltnus fontinalts) may possess three anatomical cone types with 
blue, green, and red sensitivities. 

The objective of the present study was to provide preliminary 
information concerning the photopic spectral sensitivity of rainbow 
trout. The methodology of this experiment was based on a modification 
of that employed by Yager (1967). In a two-choice situation, the trout 


evidenced detection of a spectral stimulus by swimming into the lighted 
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chamber and avoiding a dark chamber. These findings may facilitate 


future research in behavioral effects of toxicity with rainbow trout. 


Materials and Methods 


Subjects 

The test animals, 20 rainbow trout, were obtained from the Sam 
Livingston Fish Hatchery at Calgary, Alberta, and measured 15 - 20 cm 
in length. The trout were held in 200 2 continuous flow-through tanks 
at a temperature of 15 + 0.5°C and a 10 hour light, 14 hour dark 
photoperiod (white fluorescent lamp F20) for at least two weeks prior 
to experimentation. The fish were housed in individual compartments 


COMprevent Stresstul interaction with conspecifics. 


Apparatus 

The test tank was a glass aquarium 31 x 93 x 20 cm high divided 
into three areas of equal size, two response chambers and a neutral 
chamber (Fig. 2). The response chambers were delimited by transversely 
arranged barriers (black plexiglas 1/4'') located 31 cm centrally from 
either end of the tank. Each barrier had a rectangular hole which 
allowed passage to either response chamber when the pulley-operated 
gates were opened. Stainless steel shocking grids present in both 
response chambers were vertically separated by 7 cm, insuring free 
mobility of the subject. The grids were wired to a SD-9 Grass electric 
stimulator which generated 2 square wave pulses at 5 - 15 mA; each 
pulse had a 50 msec duration and was separated by 800 msec. 

Ten monochromatic stimuli from 425 - 650 nm with a 20 nm half 


intensity band width were projected onto circular stimulus patches at 
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Figure 2. 


Schematic representation of apparatus. 

bbs - broadband stimulus source; ce - chamber entrance; 
fy) 1=8f5 —s lo lorceand 2 lo ceneutraiadensity stulters: 

g - gates; m - monochromator; nc - neutral chamber; 

re - response chamber; sp - stimulus patch; w - neutral 


density balancing wedge. 
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the end of each response chamber. These patches were constructed from 
plastic projection screen material and had a diameter of 4.7 cm sub- 
tending a visual angle of 8 degrees from the response chamber gates. 
Spectral radiant exitance (intensity) of the stimuli was adjusted by 
variable rheostats and calibrated with an ISCO model SR spectroradio- 
meter inside the dry test tank using a remote optic probe. 

Broad band light sources, used for purposes of spectrally neutral 
training, consisted of Vickers Instruments microscope lights with a 
Spectnal energy distribution rllustrated in Fipure 3); The intensity. 
was controlled by neutral density wedges and filters to produce 
luminances of 1.20 and 0.52 (measured by an intensity meter and con- 
verted to luminance) nit during training. An incandescent lamp, situ- 
ated over the neutral chamber was used as an adapting light to maintain 
photopre vision -s1its alluminance at the bottom centre or the neutral 
chamber was 3.77 lux (measured by an intensity meter). The spectral 
energy, distribution of this light is also illustrated in Fisure 3 


(measured by a spectroradiometer). 


Procedure 

The operant conditioning paradigm that was employed is illustrated 
in Table I. The negative reinforcement (shock) was administered for 
all incorrect responses, whereas the positive reinforcement (small uni- 
form pieces of beef heart) was administered approximately every fifth 
trials tor correct responses (partial, schedule) . 

Three groups of 6, 6, and 8 subjects were tested separately between 
February and July of 1978 of which five, four, and five, respectively, 


completed all the wavelength tests. Three fish were dropped because 
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Figure 3. Spectral energy distribution of the overhead adapting 


lamp (o-o) and the broad band light source (e-@). 


i) 


-1 
) 


ENERGY (uw cm * nm 
O 
= 


500 600. 


WAVELENGTH (nm) 


700 


12 


Papin, (re 


is 


TABLE I. The 2-choice Discrete Operant Conditioning Paradigm 


STIMULUS > RESPONSE 
Vv 
approach »> reinforcement 
or 


avoid > shock punishment 
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of low motivational states and one other because of illness. 

The first step involved shaping the behavior of the subjects for 
the acquisition of the conditioned response. This consisted of three 
tasks: approaching a broad band stimulus, stepwise reduction of 
luminance of the broad band light, and finally the introduction of 
monochromatic stimuli. The duration of the experiment for each group 
of fish was 15 days with four days of training (Days 1-4) (broad band 
Stimuli), a one-day (Day 5) test to 90 percent criterion (broad band 
stimulus), and ten days of monochromatic testing (Days 6-15). 

Muntz (1974) attributes the disparity in shape of photopic spectral 
sensitivity curves to the differences in the methodology employed by 
hescarchersm Gin light ofthis caution ;vexplicit ‘detail will be given 
to the specific steps in the training and testing protocol: 

Day 1 — Each fish was given 60 trials in a no-choice situation in 
which positive reinforcement was administered on a partial schedule. 

A clear plexiglas barrier prevented entrance to the dark side but per- 
mitted viewing. The fish was manipulated (moved by a steel rod) into 
the response chamber and directed towards the stimulus for the first 
10 - 20 trials. The frequent positive reinforcement usually provided 
the impetus for the subject to move on its own "initiative" at the 

10 - 20 trial stage. The luminance of the broad band stimulus was 1.2 
Thistt. 

Day 2 — Each fish was given 15 trials in the no-choice situation 
and a subsequent 45 trials of a two-choice situation with access to 
either chamber. A correct response was positively reinforced (partial 
schedule) and an incorrect response resulted in negative reinforcement 
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Day 8 — Each fish was given 60 two-choice trials (luminance 1.2 
nit! 

Day 4 — Each fish was given 60 two-choice trials, 30 trials at a 
luminance of 132 nit and 30 more trials. at 0.52 nit: 

Day 56 — Each fish was given a test to criterion. The criterion 
Wasms Ctuac JO spercent iconrect tora block sot 10 trials with a stimulus 
Seted cede umInance Ot 52. nit, 

Days 6-15 — Each fish was: tested (threshold determination) at one 
wavelength per day for a total of ten wavelengths ranging from 425 to 
G50enm ine 25 nm increments. . The threshold jcriterion was set at 75 
DereccucucOrrectsresponce.. wialt Of the, fish in a group Started the test 
at 425 nm on day 6 and ended with 650 nm on day 15 and the other half 
were tested in an opposite order of wavelengths. 

The subject was given a 10-15 minute acclimation period followed 
by a 10 - 20 trial 'warm-up" period at a supra-threshold (determined in 
DiLoOtCastudy) intensity (exitance) of a civen wavelength. The test f1sh 
usualivescored S0s 200 .percent corréectyduring, thiseper1od... Then the 
test proper commenced with 10 - 15 trials at an intensity which would 
elaci{taa Tesponscersucater than. /5 percent correct, (10 trials af 90 
Percent wase scored inithertirst lO vtrials and 15 ‘trials,at the fish 
BcOredsiessuthan I0epercent in. thea first 10.triais) = then 10 - 15 
trials atlanj intensity expected to result.in a,score, less) than 75 per- 
cent correct. ,Jf, however, theistep 2 score was, not below 75 percent, 
another 10 - 15 trials at a lower intensity would be required to 
estimate the psychometric function (threshold). 

The response latency was recorded for each trial. This measure- 


ment represented the duration from the time the gates were opened 
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Simultaneously till the tail of the fish passed through the gate and 


into the proper response chamber. 


Results 


The psychometric functions for photopic spectral sensitivity of 
each fish were determined by linear meetaotacl on, These estimates were 
corrected for the spectral transmission character of water (Hutchinson, 
1957) within the test tank and then converted to photons (Goldsmith, 
1975). Sensitivity, was) detined as thevlog of the reciprocal ‘of the 
NUNDe GeOrepnOcoONserequired tO elicit as/5 percent: response. The mean 
photopic sensitivity curve was calculated for each test wavelength and 
plotted as a function of wavelength. 

Figure 4 illustrates three randomly chosen individual sensitivity 
curves and the mean sensitivity curve for all individuals. The peak of 
the mean sensitivity curve lies at 550 nm with a decrease of sensitivity 
towards the red and blue ends of the spectrum. There appeared to be 
three distinct components in this sensitivity function: from 425 - 500, 
525 - 575, and 600 - 650 nm. The components in turn have peak sensi- 
Civitues ates o),4o50, and, 625 nm, respectively... It as amportant: to 
note that the mean sensitivity curve is based on data which have not 
been adjusted for differences in absolute sensitivity. 

A mean sensitivity function can be misleading since Hee sensitive 
individuals make a proportionally greater contribution. A better method 
to estimate the shape of this photopic spectral sensitivity function 
would be to eliminate error due to differences in absolute sensitivity. 


This can be obtained by first normalizing each individual's results 
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Figure 4. Mean spectral sensitivity for 14 fish (o-e, bottom 
curve) and individual spectral sensitivities (x-x, 
fish 103; o-o fish 204; e-e, fish 307). Note right 


ordinate has the same label as left. 
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across wavelength, and then estimating the mean for all individuals on 
each wavelength. The standard error of this normalized data set repre- 
sents variability in the shape of the photopic spectral sensitivities 
between individuals. 

Mean normalized spectral sensitivity is shown in Figure 5. This 


curve also appeared to have three components similar to those revealed 


in Figure 4. Maximum normalized sensitivity occurred at 525 nm compared 


to 550 nm for maximum mean sensitivity. 

Table II lists the mean and standard deviations of the response 
latencies for each test wavelength. A one-way analysis of variance 
demonstrated that the effect of wavelength on response latency was not 
Significant (p > 0.10). Regression analysis indicated that absolute 
sensitivity was not significantly dependent on the response latency 
SxCentaaty oZomUMaCDecw Oot. slap lentil slistsathe number of trials: Co 
SU spercent, criterion tor each, indivrduala | [here didjnoG appear to: be 
any noticeable effect of the number of trials to criterion on the 


absolute sensitivity and spectral sensitivity functions. 


Discussion 


Similar studies on goldfish (Yager, 1967; Beauchamp and Rowe, 
1977) and on rudd (Muntz and Northmore, 1970) have yielded spectral 
sensitivity functions which differ somewhat from rainbow trout. The 
trout were less sensitive to short and long wavelengths. Perhaps rain- 
bow trout possess chromatic mechanisms which differ from other species. 
However, conspecific and interspecific disparity in photopic spectral 


sensitivity may be due to subtle differences in test protocol, specific 
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Figure 5. Mean normalized spectral sensitivity with standard error 
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TABLE II. The Means and Standard Errors for the Response Latencies 


of each Test Wavelength 


Test Wavelength Mean Response Standard 
(mm) Latency (sec) Deviation 
A425 14.02 eens 
450 E26 4.67 
475 11.86 4.77 
500 LO% SZ Si 4 
525 L050 4.47 
550 Pie el 4.88 
575 LE SLO DATS 
600 10799 4.14 
625 Powe 6.65 


650 Le Sr tl 9.14 
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TABLE If] 2° °The Trials*to'90 Percent Criterion for Each Test Subject 


(Day 5) 

Fish Number Trials to 90% Criterion 
101 10 
102 10 
103 20 
104 | 10 
105 10 
201 10 
202 60 
205 40 
204 10 
301 20 
oOZ 10 
50S 50 
305 10 


307 0) 
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test conditions, and the equipment employed (Muntz, 1974). For 
instance, the chromatic characteristics of a background adapting lamp 
could influence the shape of a photopic spectral sensitivity curve 
(Cronly-Dillion and Muntz, 1965; Yager, 1969; Muntz and Northmore, 
1971). In our experiments, the overhead adapting light had a spectral 
energy distribution that consisted of predominantly long wavelengths. 
dhasepotentially could reduce sensitivity at the redend of the 
spectrum through selective pigment bleaching. Concerning differences 
in method, our overhead adapting light was continuously present 
whereas Yager's (1967) was on only for 30 records between trials. 
Considering the different recovery rates of chromatic mechanism, this 
couldsinteract.withy response latency to, attect spectral. sensitivity. 
The demarcation of three curve components in Figures 4 and 5 is 
Suggestive OL a multiple receptiversystem with receptor interaction. 
Information concerning the characteristics of cone pigments and the 
neurophysiology of photopic vision in rainbow trout could facilitate 
the interpretation of a psychophysically determined photopic spectral 
sensitivity curve. Unfortunately, such physiological data do not seem 
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Chapter III 


THE TOXICITY AND TISSUE UPTAKE OF METHYLMERCURY 
ADMINISTERED INTRAPERITONEALLY TO RAINBOW 


TROUT (SAZMO GATRDNERI RICHARDSON) 


Introduction 


The acute toxicity of methylmercury to fish has been examined by 
administration of methy mercury in the water (McKim et al., 1976); 
eralvinjection (Miettinen et al., 1970) > and intraperitoneal injections 
(present study). McKim et al. (1976) found that the 96 hour LC50 for 
yearling brook trout (102 g) was 65 ug Hg/2. Miettinen et al. (1970) 
found that the 30 day LD50 for MMC (methylmercuric chloride) adminis- 
tered orally in three to four portions was 20 to 25 mg MMC/kg of body 
weight. 

An intraperitoneal injection was employed as the mode of toxicant 
application in the present study since administration of MMC in food 
(oral catheterization) or in water generally leads to a great deal of 
between-animal variability in the rates and magnitude of MMC accumula- 
tion. These differences in accumulation may be due to differences in 
the quantity of food ingested, regurgitated, and MMC passed in the 
feces; and to differences in the intensity of activity and the physical 
parameters of the MMC test water. The use of an intraperitoneal 
injection facilitates the examination of sublethal effects of metabo- 
lizable toxicants such as methylmercury since one is able to reproduce 


tissue levels of the toxicants which are similar to those found in some 
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natural populations. This then allows measurement of some parameter to 
be made at different tissue concentrations of the toxicant. 

Different tissues possess varying capacities for the uptake and 
the elimination of methylmercury and show differences in the magnitude 
of pathological damage. For instance, Giblin and Massaro (1973) state 
that the brain of rainbow trout was found to accumulate and release 
methylmercury at a slower rate than other tissues probably because the 
blood brain barrier exerts some control over the passage of methyl- 
Mercury eWowever., a1 tshasobeen reported, thatetollowing, longs sexposure, 
the Hg concentration in the brain may exceed that of the muscle 
(Miettinen et al., 1970; McKim et al., 1976). This may be a consequence 
of the high concentration of sulfhydryl containing compounds in the 
nervous system which bind irreversibly with methylmercury (Manalis and 
Cooper, 1975). The magnitude of neuropathological damage has also been 
shown to be highly correlated with regional differences in the concen- 
tration of selenium (Evans et al., 1977). 

Many studies involving the neurotoxicity of methylmercury have 
stressed the importance of the latency of neurological symptoms subse- 
Guent to methyimercury exposure (Berlin et alow LO7S:; nvansset. al... 
1977). The duration of this. latent phase is dependent. on the frequency 
of methylmercury administration, size of the dose, and species of the 
test organism. Most studies of primates cite latencies of 20 to 50 
days depending on the behavioral parameter measured. 

The objective of the present study was to determine the 15 day 
LD50 for a single intraperitoneal dose of MMC and, secondly, to measure 
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the concentration (tissue uptake) of Hg in the brain, eye, and epaxial 
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musculature 30 days following an injection of different sublethal doses 


of MMC, 


Materials and Methods 


Domiel cy 

Fish were kept in four flow-through, temperature controlled 
(15 + 1°C) 20 & aquaria. The test fish were obtained from Duggans Trout 
Farm (Namao, Alta.) and Sam Livingston Fish Hatchery (Calgary, Alta.). 
The size of the fish tested were from 10 to 20 cm (fork length). Each 
fish was anesthetized with 100 ppm MS222 (ethyl-m-amino benzoate 
methanesulfonate) then weighed and tagged. The fish were distributed 
to their respective tanks by stratified random assignment. They were 
given a one-week acclimation period before injection and fed Ewos brand 
pellets ad libttum daily. The methylmercuric chloride (MMC) solution 
consisted of MMC salt dissolved in a 0.02 M Na»yCO3 solution and adjusted 
tO a pli Of 7.2 with 5 percent, HNO, yielding a solution containing 2.57 
mg of MMC per ml. The control solution was 0.02 M NajCO3 adjusted to a 
pH of 7.2 with 5 percent HNO3. The MMC was administered weight specifi- 
Cally, mantraperitoneally,, just anterior to the pelvic tins. The fish 
in the control group were injected with an array of injection volumes 
equivalent to those given to the experimental fish. 

Three separate experiments were carried out to estimate the 15 day 
EDo0, ine protocoleor theserexperiments Io 1 liustratedsin lable IVa. 

The time of death was recorded for each fish and the surviving 


fish were all sacrificed by placing them in a 1000 mg/2% solution of MS222 
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TABLE IV. Experimental Protocols for Toxicity and Tissue Uptake 


Experiments 


(a) Experimental Protocol and Percent Mortality in 15 Days 


Experiment I Dose 0} 102 15 20 
n 6 6 6 6 

% mortality 0 83 100 100 

Experiment II Dose | 0 2 5 8 
n 6 6 6 6 

% mortality 0 35 83 67 

Experiment III Dose 0 a 4 6 
n 9 8 8 8 

% mortality 0 0 13 50 


(b) Experimental Protocol for Tissue Uptake Experiments 


Experiment I Dose 0 0.33 0.6 0.8 
n 6 6 6 

Experiment SFI Dose 0 OFS a. 6 0.8 
n 6 re) S) 5 


IControls injected with saline at a similar array of injection 
volumes to those of the experimentals. 


2A11 dose values are in mg of Hg/kg of body weight. Note that 
MMC was injected; however, the values are reported as Hg since 80 
percent of MMC is Hg. Therefore 12.9 mg MMC/kg is equivalent to 
10 mg Hg/kg. 


3Toxic units corresponding to 0, 1.8, 3.6, 4.8 mg Hg/kg (0, 2.3, 
4.6, 63.2 png MMC). 
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Onethenrieceenthaday*on thevexperinent. tothe. fish weresthen*frozentand 
held at -30°C until total mercury analysis was performed. 

Whole fish were wet ashed in preparation for total mercury analysis. 
Each individual was weighed and subsequently placed in 100 mls of con- 
centrated H,SO, and 50 mls of concentrated HNO3 for 24 hours at room 
temperature. Three 3-ml aliquots of each digested fish were taken for 
total mercury analysis. Each aliquot was then oxidized by adding 7 mls 
of 7 percent KMNO, and reduced by 0.1 mls of a 1 percent solution of 
SnCl5. The analysis for total mercury content in digested samples 
utilized a flameless atomic absorption spectrophotometer (Unicam SP90A 
Spectrophotometer) (Armstrong and Uthe, 1971; Munson, 1978). 

A standard curve was estimated for each set of samples of fish, 
using a mercuric chloride standard (absorbance versus ug Hg). Chemical 
blanks were used to test for background concentrations of Hg. 

Mm Téecovery OfMs7stoel02ipercent sof ithe) total mercury *pres entewas 
determined by recovery experiments using samples containing known 
amounts of HgCl5 and CH3HgCl. Accuracy of the analysis was also 
monitored by measuring the total Hg content of standard orchard leaves, 
C514 742506056 1S40. ue/e (n = 24) standard reference material 1571. 

The Hg levels obtained were 95 percent of the values reported (0.155 


+ 0.015 ug/g) for these leaves (Munson, 1978). 


Tissue Uptake of Methylmercury 

Two experiments were employed to examine the effect of dose on 
Hg concentration in tissues and to determine the difference in Hg uptake 
between tissues, 30 days after the fish were injected intraperitoneally. 


The fish were obtained from Sam Livingston Fish Hatchery (Calgary, Alta.) 


bute. taser eit Se fe pet 
| bomsctog Sane i! nat ia 9g 
elaylaka Worsgem Iesus ves abner ‘a ae 


eto 2 ale Bee beoeta a ait on 


v 


moe Spee 1S ict | let | pats tone are : a, 
Kok feet ote tet ited oie ‘ee 
alm * @nbgh YA rd eas) nad ‘gate osha rt 

totiele “Freorsey, Tn Me. elm EA wee 
oalonmee bo se 7h nh Saat iae Werotan tse #08 nai . 
LOweR me | Swe ington serge an RH Babs iaal 


ype iin pas | * et} Tee OKOTI cin Al ioe 


“ 


. =: 
lvene “PO @eet Hon viel bedarigea €or oahto ae ‘ 
; ’ — “ 


°° a, ‘Pre si yg 
- i 
it 79 er ‘ aos DOR point wot Seer a7 bdeu fat ‘alge. 


4 
} » fle eq. PL or ces e meaner ri 


es -aAhen ‘esemontt Lagi pyeeet i be< 
i re hed i 0 ih » £0 ighgtt bm tin, site 


veo ietot 46% wieheii acl ‘ye 


or | 


reednate (RS =) alge Oe ozo & te 


| ” 
y ut I Dpoted. <o-agee wanna if are ie 


CF (shownlget) omens eis bill wg so. 
i e 


2 sie | Meal ie 
no gxoh So Portis ent gnliiats i awit nea * a 

ye Gil Gd seu wea Rh. aol abe eee oY ‘bent oe : 
+Yilwenois sha fir beroe gn t vow ABD i edt git: 7 


ASIA oeoig La) cones 


30 


and irangedein size trom 10 -to.20) cm in fork length. ~Allfish for a 
given experiment were placed together in a 200 &% continuous flow-through 
tank and allowed one week acclimation at 15 + -.1°C. The fish were fed 
Ewos brand pellets ad ltbttwn daily. 

The fish were divided into four dose classes: control, 0.3, 0.6, 
Onion toxic Units. | ine dose equivalent to-one toxic unit was taken to be 
the 15 day LD50 which had previously been determined. The corresponding 
dose levels were: 0, 1.8, 3.6, 4.8 mg Hg (0, 2.3, 4.6, 6.2 mg MMC) per 
kg of body weight. 

The experimental protocol is given in Table IVb. Each fish was 
anesthetized, weighed, tagged, injected intraperitoneally and then 
returned to the holding tank. The injection solutions were identical 
to those utilized in the toxicity test. 

Fish were sacrificed on day 30 and the tissue samples were removed, 
placed in glass containers and frozen at -30°C. Total mercury analysis 
of these samples was identical to that for whole fish except the smaller 
quantities of tissue were digested in 2 mls of concentrated H»SO, and 
1 ml of concentrated HNO3. Total mercury was expressed in ug Hg/g of 


wet tissue weight. 


Results 


Toxtetty 

Figure 6 and Table IVa illustrate the percent mortality 15 days 
after injection as a function of the dose of methylmercury administered. 
A regression analysis was performed in the 2 to 10 mg range of the 


independent variable to minimize error in the prediction of the 15 day 
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Figure 6. Percent mortality versus the dose administered (mg Hg/kg 
of body weight). A regression analysis was performed on 
2 to 10 mg range of independent variable and the equation 
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LDSO (10 mg was chosen as a maximum dose for the regression since 
curve inflection occurs at this level of the independent variable). 
ihe y-intercept was not significantly different (p >°0-:01) from the 
origin, therefore a line was fitted to pass through the origin and the 
X, Y point for the 2 to 10 mg range. The standard error of this line 
was 4.1 and the regression coefficient (slope) was 8.7. 

The 15 day LD50 for a single intraperitoneal injection in rainbow 
Grout 1S. 5. es Oso ime Ho (7.1 5* 024 mo MMC) per kerot body weignt, 
determined by interpolation. The mean uptake (body burden) for this 
Was 5,152)026 ue Ho/e of body tissue (Fig, 7) indicating that the fish 
accumulated approximately 90 percent of the dose administered. 

The fish from toxicity experiments two and three (Table IVa) were 
used to measure the body burden of Hg (Fig. 7). A one-way analysis of 
variance demonstrated a significant difference in the mean uptake 
between the various dose classes (p < 0.001). The y-intercept of the 
regression equation was not significantly different from origin 
(p < 0.01) and thus a straight line was fitted through 0 and X, Y 
yielding, a reoression, coefticient of 0.91 and a standard error of 0.11 
(SFO ae a 

For the remainder of this paper the 15 day LD50 will be referred 
COnase Wetoxic. Unit a(t), and any, dose esse thane toxic, Unit wal tebe 


considered as a sublethal dose. 


Tissue Uptake 
A one-way analysis of variance indicated a significant difference 
between the mercury content of the three tissues tested (brain > muscle 


reve | m(allop < 0; 00M) etoreemck dose: levels.” 0./3,0.6,.0.8 tu (Figy 3); 
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Figure 7. Body burden or the whole fish mercury content (ug Hg/g 
of tissue) versus the dose administered (mg Hg/kg of body 


weight). The regression equation is Yi = 0 + 0.91(Xi). 
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Figure 8. Tissue concentration; brain, muscle, eye; of mercury 
(ig He/e of tissue) versus the dose adminzstered (toxie 
units. 073, 0.6.) 0sS)\," The respective srerressron 
equations “are: “Y¥a7="0 +45 76(X7) ia =20 se Or One 
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The concentration of mercury in each tissue increased significantly 
(p < 0.001) with increasing sublethal dose of methylmercury. 

The y-intercepts for the regression equations of all three 
tissues were not significantly different from origin (all p > 0.01) 
and therefore a line was fitted to pass through the origin and the 
regression coefficients and the standard errors are as follows: 


AO te 49. (Drain eo. gl = 0.59 (musele)s 2.05) + 0.26 ‘Ceye)?: 


Discussion 


Acute toxicity studies dealing with the intraperitoneal or oral 
mode of administration of methylmercury have been shown to be influ- 
encedsDy, cleurates 0: application OL the toxicant. This, wnrortunately, 
makes it difficult to establish standard methods and therefore reduces 
the comparability of results. 

The LDSO of the present study and that of Miettinen et al. (1970) 
dtrtersunequivocally., Mrettinenset al. (1970) appized 9.6 to 19 mg 
methylmercury per kg body weight in three or four portions with a two 
day interval, whereas I used a single dose of 2 to 10 mg Hg/kg of 
body weight. An 8 or 10 mg Hg/kg dose was highly lethal in my experi- 
ment whereas this same dose administered in several portions over a 
period of days resulted in survival beyond the thirtieth day of the 
test period (Miettinen et al., 1970). 

It appears that the retention of methylmercury differs with 
respect to the method of application. Intraperitoneal injections 
resulted in retention of 90 percent of the dose administered; on the 


other hand, only 53 percent of the dose administered orally was 
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retained (Miettinen et al., 1970). Once methylmercury is in the circu- 
latory system, elimination occurs through both the feces and urine 
regardless of the mode of administration (Munson, 1978). 

The duration of a toxicity test is an important consideration 
when designing acute toxicity experiments of this nature. The mode of 
toxicity of methylmercury associated with chronic exposure to MMC appears 
to be via pathological changes in the nervous system (Backstrém, 1969; 
Miyakawa et al., 1970; Berlin et al., 1973; Manalis and Cooper, 1975; 
Evansyect al 3.91977 ve A eeeanabihy longaperiod.of chronic jexposure.is 
necessary for methylmercury to accumulate to levels which inflict neuro- 
pathological damage. Moreover, this latency between injection and the 
onset of behavioral aberrations seems to be dependent on the volume and 
BPReGuency sol GOsinogasuwell ,asespecies 4speciticity, (Evans etyal., 

1977).. 

McKim et al. (1976) report that the concentration of MMC in any 
given tissue at any time following exposure is dependent on the concen- 
tration of MMC in the water. My results support this contention 
indirectly since I was able to demonstrate a difference in the uptake 
of Hg between the dose categories within each tissue. In fact the 
relationship showed a significant (p < 0.001) regression for each 
Cissue, 

Several laboratory studies have indicated that brain concentrations 
of mercury exceed epaxial musculature concentrations. However, this is 
by nommeans. a. consistent trend for all species of fish, | The difference 
in magnitude of uptake between tissues in rainbow trout is illustrated 


in Figure 8. The high brain levels could be explained by preferential 
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accumulation in nervous tissue or by a slow turnover of methylmercury 
in the brain compared with other tissues, After 30 days the other 
tissues had lost most of their accumulated methylmercury but the brain 
had not. The chemical nature of the nervous system could influence the 
mobility of methylmercury (Manalis and Cooper, 1975). 

The relationship between body concentrations of Hg and dose does 
not differ from that found for muscle concentration of Hg (slope test 
p > 0.05) and dose in this study. This has also been shown by McKim et 
al. (1976) and by Miettinen et al. (1970) and they point out that this 
is obviously so since the muscle tissue represents the largest component 
of the body. 

The small variance in the dose-response relationship which was 
found in the three tissues examined indicates that intraperitoneal 
administration may be particularly suitable for behavioral or physio- 
logical studies dealing with sublethal doses of methylmercury. In 
addition, I was able to produce some tissue levels of mercury which 


are near those that are commonly found in areas of mercury contamination. 
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Chapter IV 


COLOR VISION DEFICIENCIES AS A CONSEQUENCE OF 


METHYLMERCURY EXPOSURE IN RAINBOW TROUT 


Introduction 


In the past, most research on the effects of methylmercury has 
been concentrated on mammals, chiefly humans. As a consequence there 
are very few direct demonstrations of the harm inflicted on fish due 
to methylmercury exposure. One must consider the effects of mercury 
on fish physiology and behavior to comment on the long-term contri- 
bution of fish to the ecosystem and their future availability as food 
for man. 

Behavior has been utilized to assess the impact of toxicants in 
thespast., sOpens bicidpbehavion was used? CO a5sessiche eftect, Of methyl— 
Neneumygon Mice (Suzuki, /1969; Spyker etal., 1972)); preference and 
avoidance*reactions (Sprague, 1968; «Scherer, 1975), and.open field 
Orrentation® (Kieerekopermetaali,wl972)eweres utilized to -assessethe 
effects of heavy metals in fish. Operant conditioning techniques were 
used to evaluate pesticides (McNicholl, 1974) and heavy metals (Weir 
and Hine, 1970) in fish. While rainbow trout are recognized as the 
standard test species, little is known about the effect of methylmercury 
on their behavior. 

The toxicity of methylmercury in primates involves neuropatho- 
logical changes which are particularly notable in the visual system 
(Evansieteals 41977) — Viteappearsethaty the, regional. differences ins the 


uptake of methylmercury in the brain selectively lesions the lateral 
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geniculate nucleus and the visual and motor cortexes in primates. As 
a consequence, one observed the development of behavioral symptoms 
such as a reduced sensitivity to visual stimuli of a low luminance, 
constriction of visual fields and a reduction in shape and pattern 
discrimination. 

The fact that methylmercury inflicts damage on the visual system 
and that abnormalities in color vision result from such neuropatho- 
logical conditions in humans (Lyle, 1976) led to the examination of 
the effect of methylmercury on the color vision of rainbow trout. The 
effect of sublethal exposure to methylmercury on the photopic spectral 
sensitivity of rainbow trout was measured for 10 wavelengths between 


425 and 650 nm using a behavioral forced choice task. 


Materials and Methods 


Protocol 

The experimental procedure consisted of three 15-day stages. 
During the first stage 15 rainbow trout were trained to discriminate 
between the presence and absence of a spectrally neutral stimulus in a 
two-choice shuttle tank with reinforcement (beef heart) and punishment 
(shock) contingencies (Days 1-4) (see Chapter II). On Day 5, these 
individuals were given'a test\of trials to 90 percent criterion based 
OnmzDlockssotrmte trials#eeihen theirespectralgsensitivities were-deter- 
mined at ten wavelengths from 425 to 650 nm (Days 6-15). The second 
phase (Days 16-30) involved the administration of weight-specific 
injections of a control solution or a methylmercuric chloride solution 


corresponding to the toxic unit values of 0.0 (control saline, n = 4), 
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Oro (gr =22)50,68(n = 4), ‘and 028 (n =\5))... (One toxic unitjis equivalent 
to a dose of 5.7 mg Hg/kg of body weight (see Chapter III). After 
injection the fish were held for 15 days to allow time for the methyl- 
mercury to be distributed in the body, a process which results in a 
concentrated uptake by brain tissue. The fish were then fed beef heart 
ad Itbttwm daily. The third phase represented a retest period (Days 
31-45) and was virtually identical to phase I with exception of the 

Days 31 to 35 period. On Day 31 the fish were given a test to criterion 
Similan tosthe testigiven on Day 5. “ff anpindividual required a 
preater number Of trials to reach criterion in, phase TEI) than: in phase 

I it was trained to its original level of performance, during 

Days 32 to 35.° Days 36 to 45 involved wavelength testing identical to 


phases spectrally sensitivity determinations. 


Results 


The effect of methylmercury on photopic spectral sensitivity was 
examined in two ways: one comparing the absolute sensitivity of the 
controls and experimentals in the post exposure phase, the other 
employing ratios of phase I absolute sensitivity to phase III absolute 
Sensitivaty tor the control and experimental fish. 

Average spectral sensitivity as a function of wavelength is shown 
for =the control ,026, and 0.38 dosace proups during the pre (fic. 92) 
and post (Fig. 9b) treatment test (the 0.3. toxic unit group was 
excluded since it had only two individuals). Figure 9a indicates there 
was little difference in the average photopic spectral sensitivity of 


the individuals in these three treatment groups prior to methylmercury 
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Figure 9. Log mean absolute photopic spectral sensitivity of the 
control (0-0), 0.6 (A-A), and 0.8 (e-e) toxic unit groups 
(a) prior to methylmercury exposure (there were no 
Significant differences between these three groups) and 
(b) post methylmercury exposure (there «are nousionit 1¢cane 
differences between the control’ and 0.6 tu. croup, but 
the control and 0.8 t.u. are significantly different at 
475, 500, 525, and 600 nm) (control and 0.6 °t.u. groups n=4, 
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treatment. One-way analysis of variance indicated that none of the 
differences in sensitivity are significant (p > 0.05 for all wave- 
lengths). More specifically, Student t-tests of the control versus 
O-Ontrus (COxiTcunit) group; the, contzolaversusy0:S7t.uw. group; and 
the 0.6 t.u. group versus the 0.8 t.u. group were all nonsignificant 
(p > 0.05) for all wavelengths. After methylmercury exposure, 
however, the analysis of variance for each wavelength demonstrated that 
the controls, 0.6, and 0.8 t.u. groups had significantly different 
absolute sensitivities at 525 nm (p < 0.05). Student t-test of the 
control versus 0.8 for each wavelength showed significant differences 
inimabsOlute Sensitivity at 47.5) nme(pest0.05)) 500 nm, (pa<? 0705), 525 
nm (p < 0.01) and 600 nm (p < 0.05). Student t-tests comparing the 
COntroleanasO,6et su, seroups, and. theiO. 6 and OLS) &.U.) groups, tor \each 
wavelength were all nonsignificant (p > 0.05). 

The ratio of pre ito post treatment absolute sensitivity for each 
fish can more accurately represent the treatment effects since individ- 
ual fish can differ considerably in sensitivity of discrimination and 
the number of fish within a dosage group was small. In Figure 10 the 
mean visual performance ratio was plotted for each treatment group 
(excluding 025.0.u5) as 4 function of wavelength. While. ene control 
group demonstrated some expected overall improvement in photopic 
spectral sensitivity, the methylmercury-treated groups showed less 
improvement or, in some cases, actual decrements in sensitivity. 

Table 5 indicates that methylmercury has its largest effect on 
the sensitivity at 525, 600, and 650 nm. The partial correlation 


coefficients and the one-way analysis of variance were significant 
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Figure 10. 


Log mean visual performance ratios for the control (0-0), 
0.6 (A-A), and 0.8 (e-e) toxic unit groups. The visual 
performance ratios represent a change in the energy 
required to reach the /S percent threshold at ay specirie 
test wavelength, from phase I to phase III (pre to post 
methylmercury exposure). Reter to) Table 1 for statmcercar 
tests (control and-0.6 t.u. groups n=4, 05S t.useroup 


n=5). 
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(p < 0.01) at these wavelengths. These findings generally support those 
illustrated in Figure 9b. 

A one-way analysis of variance indicated that ratio of pre to post 
treatment response latencies did not differ significantly between the 
control, 0.6, 0.8 t.u. group at any wavelength (p > 0.05). In addition 
an analysis of variance showed that ratios of pre to post treatment 
tri alsstoucritertonsdids noteditfertsionificantly between) the control, 


OsGrand70%s iweuRigroups’. 


Discussion 


The present study indicates that methylmercury impaired the ability 
Grerainbow trout tO discriminate spectral stimuli, ere were, 10 
significant effects of methylmercury on the response latency; this 
indicates that methylmercury did not affect motivation. Also, methyl- 
mercury did not have a significant effect on the number of trials 
required to reach criterion; hence methylmercury appeared not to affect 
learning or memory. Some studies have demonstrated that learning and 
motivation do suffer impairment. Post et al. (1973) found that rats 
required more trials to learn a T-maze subsequent to oral administra- 
tion of methylmercury. Berlin et al. (1973) found that low levels of 
methylmercury did not affect the response latency of monkeys, though 
high levels which produced severe visual symptoms lengthened latency 
due to ditftvculty in: bringing - the stimuli into view. The general lack 
of motivation and learning affects in the present study may therefore 


be attributed to the use of relatively low dosage levels. My results 
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Suggest that the observed behavioral affects were primarily due to the 
effect of methylmercury on the visual system. 

Photopic spectral sensitivity of the normal rainbow trout suggests 
three response components: one between 425 and 500 nm, another 
between 525 and 575 nm, and another between 600 and 650 nm. After 
methylmercury exposure the chromatic visual system appears to have the 
most difficulty detecting wavelengths which are intermediate to the 
three curve components. However, methylmercury treatment did not 
Significantly affect sensitivity at the peak wavelengths of these 
components. If one examines the ratios in absolute sensitivity from 
pre tos post’ methy lmercury) exposure, therevis a similar trendé¢ (That 
is, the intermediate wavelengths suffer the most detriment and the peak 
wavelengths of the curve components show slight differences from the 
control. These results suggest that methylmercury exerts most of its 
influence on the post receptor neural processing of spectral information. 

The color red plays an important role in the reproductive behavior 
of male rainbow trout and sticklebacks and any change in red sensitivity 
of these fishes could reduce the organism's reproductive success. 
Considering that color vision undoubtedly is important for various 
behaviors in trout, even moderate levels of methylmercury could reduce 
the organism's viability. The levels we employed have been commonly 
reported in natural populations of fish which were exposed to mercury 


(Miettinen et al., 1970). 
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Chapter V 


GENERAL DISCUSSION 


The results of this study suggest that rainbow trout have tri- 
chromatic color vision and that retinal interaction is responsible for 
the detection of certain wavelengths. The evidence for trichromacy 
was furnished by the psychophysical determination of photopic spectral 
sensitivity and from the effects of methylmercury on psychophysical 
photopic spectral sensitivity. The "normal" sensitivity curve may be 
characterized by three curve components with presumptive peak sensitiv- 
ities of 475, 550, and 625 nm. Unfortunately, there is no specific 
information with respect to the absorption spectra of photopic pigments 
or neurophysiology of the rainbow trout visual system, 

Ali (1974) reports three anatomical cone types in brook trout 
(Salvelinus fonttnalts); the stubby barrel-like cones of the dorsal 
retina were classified as blue-sensitive cones, the long, slender cones 
of the ventral region were classified as red-sensitive cones, and the 
mid retinal region had a mixture of double cones which appear to be made 
up of green- and red-sensitive cones. Given the fact that rainbow trout 
and brook trout are different species, they share a similar habitat and 
thus one should be able to speculate that they share a similar visual 
system. Tsin (personal communication) has indicated that rainbow trout 
possess a duplex retina and therefore my inference is supported. 

I have observed some striking changes in photopic sensitivity which 


occurred subsequent to methylmercury exposure. These impairments in 


photopic sensitivity suggest that the neural processes of receptor 
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interaction are being affected by methylmercury. This premise was 
derived from observations which indicated a reduction in sensitivity 
at wavelengths that would seem to be mediated through retinal inter- 
action such as blue green (500 nm) and orange (600 nm) wavelengths. 

The nature of this interaction is unknown; whether it is inhibitory 
or additive is not clear. Some researchers indicate that local minima 
(troughs) in spectral sensitivity curves result when two receptor types 


of an opponent pair are equally stimulated, thus resulting in the 


greatest degree of mutual inhibition, at, for instance, a test stimuli 
of 600 nm (Muntz, 1974). On the other hand, these troughs may be formed 
by the partial additive response of two receptor types at low intensity 
of stimulation and further increases in intensity would smooth out the 
troughs. If the neural processes controlling this additive interaction 
were selectively affected by methylmercury, one would expect even lower 
sensitivities at wavelengths that are perceived through the interaction 
of receptors. Or perhaps methylmercury can evoke transmitter output, 
thus enhancing retinal inhibition between opponent pairs, such as 
Manalis and Cooper (1975) observed in frog neuromuscular preparations. 
Future experimentation in this area should include studies in which 
methylmercury exposure is localized through selective lesioning tech- 
niques. It is noteworthy that this study not only has indicated that 
methylmercury does damage the chromatic visual system but also points 
out that methylmercury can be used as a pharmacological tool for examin- 
ing neural activity governing the visual system. 

Many of the previous behavioral toxicology studies dealing with 


methylmercury have employed unusually high tissue concentrations of 
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mercury. It is not uncommon to see values of 20 to 50 ug Hg/g of tissue 
reportedsin’ the diterature (Suzuki ,.1969; ‘Berlin et> als, 1973; Evans et 
al., 1975). My study, however, uses tissue concentrations comparable 

to those found in natural populations of fish, such as 1.8 to 4.8 ug 
Hg/g of tissue (see Miettinen et al., 1970 for tissue concentrations). 
Thus many populations of fish may be encountering visual deficiencies 
induced by methylmercury contamination which could affect visually 
dependent behaviors such as predation, predator evasion, reproductive 


activaty,mandeintra-) and interspecitie territoriality. 
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APPENDIX Ia 


MEAN INTENSITY THRESHOLDS (E75%) AND MEAN RESPONSE LATENCIES FOR PHASES I AND III 


TEST TREATMENT THRESHOLD (uw cm nm 4) RESPONSE LATENCY (sec) 
WAVELENGTH GROUP Phase I Phase III Phase I Phase ITIft 

n x $.D. x $.D. x $.D. x S.D. 
425 4 Control 0.00176 0.00186 0.000665 0.0009 12:93") 8/3538 13-55 16.40 
2 0.3 t.u.” 0.000715 0.000191 0.000218 0.000187 20.05 12.23 13.10 4.10 
4 0.6 t.u. 0.000555 0.000396 0.000191 0.0000982 13.78 8.00 13.35 9.21 
5 0.8 t.u. 0.000855 0.00104 0.000336 0.000295 12.68 SielOw 2712096. 3.56 
4s0 4 Control 0.90290 0.000135 0.000167 0.000102 12.88 6.25 13.35 3.56 
2 0.3 t.u. 0.000475 0.000304 0.000965 0.00118 14,4 6.08 16.50 8.49 
4 0.6 t.u. 0.00044 0.000242 0.000786 0.00115 10.75 3.78 12.65 3.48 

5 0.8 t.u. 0.000418 0.000321 0.000315 0.000195 T2212 2 4.71 TLr2 S.51 
4754 Control 0.0000838 0.0000631  0.0000265 0.0000125 10215) 4:96 9 -12.78 2.65 
2 0.3 t.u. 0.000238 0.000229 0.00029 0.000227 15.4 2.40 15.70 5.79 
4 0.6 t.u. 0.000272 0.000175 0.000204 0.000209 11.38 5.41 10.18 2.41 
5 0.8 t.u. 0.000170 0.000102 0.000269 0.000207 12.20 5.32 8.42 3.95 
500 4 Control 0.0000448 0.0000197 0.000032 0.0000251 10.80 4.59 9.65 3.48 
3 0-5: t2u. 0.000174 0.0000969 0.000281 0.000172 13.03 3.49 18.43 10.19 
4 0.6 t.u. 0.000124 0.0000192 0.000224 0.00037 10;S3) 72.43 6.88 2.83 
5 0.8 t.u. 0.000100 0.0000697 0.000199 0.000124 8.94 3.48 10.96 5.19 
525 4 Control 0.0000408 0.0000188  0.0000156 0.00000645 10.30 2.92 12.58 4.07 
3 0.3 t.u. 0.0000696 0.0000293 0.000068  0.0000261 15.43 Se75 17.10 7.07 
4 0.6 t.u. 0.0000708 0.0000575  0.0000748 0.0000469 9.63 5.59 9.15 1.95 
S 0.8 t.u. 0.0000187 0.0000193 0.000064 0.0000183 8.40 3.69 10.28 3.85 

‘$50 4. Control 0.0000413 0.0000354 0.0000179 0.000019 11.00 S.65 9.45 0.91 
3 0.3 t.u. 0.0000435 0.0000304  0.0000347 0.0000102 17.47 2.33 12272 7.57 
4 0.6 t.u. 0.0000825 0.0000629 0.000°782 0.0000642 8.97 2.56 8.00 6.00 
S 0.8 t.u. 0.0000835 0.000040 0.0000454 0.0000313 9.08 4.19 9.20 2.63 
S754 Control 0.0000835 0.0000661 0.0000333 0.0000300 13.88 8.69 10.97 3.26 
3 O:36t.u. 0.000140 0.000165 0.000073 0.0600398 13.30 5.86 10.73 Zest 
4 0.6 t.u. 0.0000530 0.0060196 0.000233 0.000227 8.25 3.35 §.73 2.56 
5 0.8 t.u. 0.000101 0.0000687 0.000432 0.000712 11.96). 471 11.38 4.71 

600 4 Control 0.000191 0.000144 0.0000847 0.0000477 10.45 3.64 13.33 Sart 
3 0.3 tu. 0.000207 0.000113 0.000314 0.000249 11.03 4.73 11.10 7.20 
4 0.6 t.u. 0.000146 0.000129 0.000265 0.000249 11.43 5.06 8.10 5.08 

5 0.8 t.u. 0.000349 0.000367 9.000516 0.000413 11.06 4.83 137925 E9.2 
625 4 Control 0.000263 0.00024 0.000186 0.000144 14.48 9.78 11.53 0.89 
3 0.3 t.u. 0.000154 0.000214 0.000163 0.00009¢7 13573 8.13 12.86 8.00 
4 0.6 t.u. 0.000252 0.000249 0.000519 0.000514 12.08 6.95 11.25 5.85 
5 0.8 t.u. 0.00033 0.000392 0.00122 0.00131 13.50 4.66 12.14 8.30 
650 4 Control 0.000298 0.000246 0.000136 0.006131 17.98 8.45 11.30 3.15 
3 0.3 t.u. 0.000412 0.006308 0.060217. 0.099171 15.55 2.38 12.70 8.70 
4 0.6 t.u. 0.000105 0.0C00049 0.000385 0.000267 10.33 3.33 9.80 1.64 
5 0.8.f.u. 0.000296 0.000217 0.000818 0.000956 19.70 13.33 1529209024579 


*e.u, = toxic units 
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APPENDIX Ib 


MEAN WHOLE BODY MERCURY CONCENTRATIONS 


DOSE ADMINISTERED 


mg Hg/Kg of B.Wt. 
0 


2 


(ug Hg/g of Body Tissue) 


TISSUE CONCENTRATION 


x Se: n 
0 0 6 
1.57 0.59 14 
533 0.44 8 
5.66 1.60 6 
5.95 127 8 
hess as 6 
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APPENDIX Ic 


MEAN BRAIN, EYE, MUSCLE MERCURY CONCENTRATIONS 


(ug Hg/g tissue) 


DOSE ADMINISTERED TISSUE CONCENTRATION 
mgHg/Kg of B.Wt. n _BRAIN _ MUSCLE EYE 
X Ui x oD. Xx SD: 
0 ta 0 0 0 0 0 0 
1S 11 1s eRe LET ps) L4G" 30.87 OL 54 20826 
Sele) sual 22609, ©0201 2449 OOF4S Le Aagl 14: 


4.8 11 4.19 0.88 Sele LU Ce2 1.70 0.44 
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